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LO.  s m m y  
Spontaneous h y p e r t e n s i o n  i n  r a t s  i s  l.aeinodyzram?ically c ? ~ a r ~ c t e r -  
i z e d  by a n  i n c r e a s e d  p e r i p h e r a l  r e s i s t a n c e ,  Ilowever, t h e  mecihanisa(s) 
by which t h e  p e r i p h e r a l  r e s i s t a n c e  i s  i n c r e a s e d  remain(s )  u n r e s o l v e d .  
C o n t r o l  o f  v a s c u l a r  r e s i s t a n c e  o c c u r s  predoininant ly a t  ttre l e v e l  o f  
s m a l l  a r t e r i e s  and a r t e r i o l e s .  The aim of t h e  p r e s e n t  t h e s i s  was t o  
i n v e s t i g a t e  m i c r o v a s c u l a r  changes  d u r i n g  t h c  deve lopmenta l  phase a s  
w e l l  a s  d u r i n g  t h e  e s t a b l i s h e d  phase o f  h y p e r t e n s i o n  i n  a  h y p e r t e n s i v e  
model, t h e  s p o n t a n e o u s l y  h y p e r t e n s i v e  r a t  (SURTI) . Moreover, neurogenie  
and hormonal i n f l u e n c e s  on t h e  m i c r o c i r c u l a t i o n  were i n v e s t i g a t e d  t o  
g e t  more i n s i g h t  i n t o  t h e  blood p r e s s u r e  r e g u l a t i o n  a t  t h i s  l e v e l  o l  
t h e  c i r c u l a t i o n  i n  SIER. 
I n  t h e  g e n e r a l  i n t r o d l t c t i o n  ( c h a p t e r  1 )  c u r r e n t  c o n c e p t s  a n  tlae 
a e t i o l o g y  o f  spontaneous  'Lrypertension a r e  d e s c r i b e d .  Although t h e  
n a t u r e  of spontaneous  h y p e r t e n s i o n  i s  m u l t i f a c e t t e d ,  two main mecha- 
nisms can  be d i s t i n g u i s h e d .  These c o n c e p t s  p o i n t  towards t h e  primary 
r o l e  of t h e  k idneys  o r  t o  primary v a s c u l a r  ctianges, I n i t i a l i n g  and 
m a i n t a i n i n g  t h e  i n c r e a s e d  v a s c u l a r  r e s i s t a n c e  and t h u s  blood press -  
u r e .  Fur thermore ,  a  b r i e f  s u r v e y  of t h e  p r e s e n t  major  l i t e r a t u r e  on 
m i c r o v a s c u l a r  changes  i n  spontaneous  h y p e r t e n s i o n  i s  g i v e n .  I n  s e c t i o n  
1 . 7 ,  t h e  e x i s t i n g  e x p e r i m e n t a l  microvascvLar d a t a  a r e  s y n t h e t i z e d  i n t o  
a h y p o t h e s i s .  
Chapte r  2 d e s c r i b e s  t h e  m a t e r i a l s  and t h e  methods used i n  t h e  
exper iments .  Beside 'basic  s u r g i c d l  tecla~zkques, d i  f f e r e n s  preparations 
f o r  microvascul~mr s t u d i e s  i n  a n e s t h e t i z e d  a n i m a l s  a r e  d e s c r i b e d  a s  
w e l l  a s  a r e c e n t l y  developed p r e p a r a t i o n  which a l l o w s  m i c r o c i r e v l n t u r y  
s t u d i e s  i n  c o n s c i o u s  r a t s .  
I n  c h a p t e r  3 t h e  f u n c t i o n a l  and s t r u c t u r a l  v a s c u l a r  d i f l e r c n c e s  
between h y p e r t e n s i v e  and norlarotensive c o n t r o l  r a t s  were s t u d i e d  i n  
young f a t s  (5-6 weeks) .  T h i s  age  was claosen because a f t e r  5-6 w e e k 9  
blood p r e s s u r e  s t a r t s  t o  r i s e  r a p i d l y .  S t u d i e s  were performed on t h e  
c r e m a s t e r  muscle ,  which i s  a  s t r i a t e d  muscle and i s  morplrological ly 
c o n s i d e r e d  t o  be a  s k e l e t a l  muscle ,  d e s p i t e  f u n c t i o n a l  d l f f e r e n c o l s .  
A r t e r i o l a r  d i a m e t e r s  and w a s o d i l a t i n g  c a p a c i t y  were no t  d i f f e r e n t  i n  
SllR and WKY c o n t r o l  r a t s .  In t h e  SWR d imin ished  a r t e r i o l a r  and c a p i l -  
l a r y  d e n s i t i e s  were found.  T h i s  was a l s o  observed  fo l lowing  maximal 
vasodilation s u g g e s t i n g  a l o v e r  f low c a r r y i n g  c a p a c i t y  i n  t h e  SHR. 
I n  c h a p t e r  4 microvascu la r  a l t e r a t i o n s  i n  t h e  r a t  d o r s a l  cutan-  
eous  mursrle were i n v e s t i g a t e d .  The s t u d y  was performed i n  a d u l t  con- 
s c i o u s  r a t s .  A cornparisan was made between a r t e r i o l a r  and v e n u l a r  
d i a m e t e r s  o f  s p o n t a n e o u s l y  h y p e r t e n s i v e  and normotensive r a t s .  Large 
a r t e r i o l e s  in t h e  SRR had d i a m e t e r s  s m a l l e r  than  comparable v e s s e l s  i n  
rhe normo t e n s i v e  r a t s ,  w h i l e  no d i f f e r e n c e s  were observed beween 
p r e c a p i l l a r y  a r t e r i o l e s  i n  both groups .  Venular  d i a m e t e r s  were e q u a l  
o r  s l l g h e l y  l a r g e r  i n  SliR a s  compared t o  normotensive c o n t r o l  an imals .  
An i n c r e a s e d  fiympatheric d r i v e  laas been o f t e n  s u g g e s t e d  t o  be 
one o f  t h e  major e v e n t s  l e a d i n g  t o  a r t e r i o l a r  c o n s t r i c t i o n  and c h r o n i c  
h y p e r t e n s l o n .  I n  c h a p t e r  5 the e f f e c t s  of  sympathe t ic  s t i m u l a t i o n  and 
exogenously a p p l i e d  a d r e n e r g i c  a g e n t s  on microvasclnlar dynamics a r e  
r e p o r t e d .  The s t u d y  was performed on t h e  m e s e n t e r i c  m i c r o c i r c u l a t i a r r .  
I n  a  number of  e x p e r i m e n t s ,  t h e  I n t e r r e l a t i o n s h i p  be tween macro and 
m i c r o c i r c u l a t o r y  e v e n t s  was s t u d i e d .  The r e s u l t s  i n d i c a t e  t h a t  exo- 
genous a p p l i c a t i o n  of a d r e n e r g i c  and o t h e r  v a s o c o n s t r i c t o r s  o r  neuro- 
g e n i c  s t i m u l i  produce a n  o v e r a l l  i n c r e a s e  I n  t o t a l  p e r i p h e r a l  r e s i s -  
t a n c e  wi th  m i c r o v a s c u l a r  responses  whech d i f r e r  bo th  q u a l i t a t i v e l y  and  
q u a n t i t a t i v e l y ,  depending on t h e  way i n  which t h e  sLimulvs i s  a p p l i e d .  
I n  c h a p t e r  6 t h e  r e g i o n a l  hernodynamics i n  consc ious  r a t s  and i n  
r a t s  a n e s t h e t i z e d  with p e n t o b a r b i t a l  o r  an a lpha-ch lora lose-ure thane  
mix ture  were c o m p a r e d .  These a n e s t l a e t i c s  were chosen based on t h e i r  
f r e q u e n t  use i n  a l c r o v a s c i i l a r  s t u d i e s .  The r e g i o n a l  r e s p o n s e s  were 
s t u d i e d  f o l l o w i ~ ~ g  s y s t e m i c  s p p l l c a t i o n  of d i f f e r e n t l y  a c t l n y  vasopres -  
s o r  s u b s t a n c e s ,  l i k e  phenylephr ine ,  a o z a d r e n a l f n e  and a n g i o t e n s i n  T I .  
The d e p r e s s a n t  a c t l v L t y  of p e n t o b a r b i t a l  was more pronounced f o r  t h e  
s t r i a t e d  niusele bed w h i l e  a lpha-ch lo ra lose -u re thavre  p r i m a r i l y  a f l t ec ted  
t h e  s p l a n c h n i c  bed.  
S e v e r a l  a u t h o r s  have sugges ted  a v a s o d i l a t o r y  e f f e c t  of ANT,  
wllereas o t h e r s  c l a i m  t h a t  ANF h a s  no d i r e c t  e f f e c t  on r e s j s t a n c e  
v e s s e l s .  T h e r e f o r e ,  i n  c h a p t e r  7 t h e  in -v ivo  e f f e c t s  of  a t r i o p e p t i n  II 
(APIJ)  on m e s e n t e r i c  ~ n f c r o v e s s e l s  were s t u d i e d .  S y s t e m i c a l l y  a p p l i e d  
APII  caused  a blood p r e s s u r e  d e c r e a s e ,  p a r a l l e l l e d  by a n  a r t e r i o l a r  
c o n s t r i c t i o n  within t h e  mesentery m i c r o v a s c u l a r  bed* No ev idence  was 
o b t a i n e d  f o r  v e n u l a r  d i l a t i o n ,  s u g g e s t i n g  t h a t  l a r g e r  v e s s e l s  of or lrer  
vascu la l -  beds a r e  r e s p o n s i b l e  f o r  t h e  blood p r e s s u r e  d e c r e a s e .  Local  
i n f u s i o n  o f  t h e  drug i n t o  t h e  target organ  a l s o  d i d  not  induce  a r t e -  
r i o l a r  o r  v e n u l a r  d i l a t i o n .  
I n  c h a p t e r  8 ,  t h e  e f f e c t  of a n o t h e r  a t r i a l  n a t r i u r e t i c  f a c t o r  
(102-126 hANF) on macromolecular  l e a k a g e  w i t h i n  t h e  mesen te ry  micro- 
c i r c u l a t i o n  was s t u d i e d .  FolLoving s y s t e m i c  a p p l i c a t i o n  of 102-126 
hANF blood p r e s s u r e  d e c r e a s e d  w h i l e  no l e a k a g e  o c c u r r e d ,  i n d i c a t i n g  
t h a t  f l u i d  s h i f t s  (and t h u s  a  reduced e f f e c t i v e  c i r c u l a t i n g  blood 
volume) a r e  p robably  n o t  r e s p o n s i b l e  Ear the blood p r e s s u r e  d e c r e a s e  
of 102-126 M N F .  
SAMEN V A T T I  NG 
Hoewel ~ i t  v e l c  q t u d i e c  b l i j k t  d a t  s p o n t a n e  h y p e r t e n s i e  geken- 
a t s r k ~  w o s d ~  d o o r  e e n  ve rhoogde  p e r i f e r e  v a a t w e e r s t a n d ,  z i j n  d e  meeha- 
nismen d i e  h i e r a a n  t e n  g r o n d s l a g  l i g g e n  nog onbekend .  D e  r e g u l e r l n g  
v a n  de  v a a t w e e r s t a n d  v i n d t  v o o r n a m e l i j k  p l a a t s  o p  h e t  n i v o  van k l e i n e  
a r t e r i 6 n  cn a r t e r i o l e n .  
I n  d e z e  d i s s e r t a t i e  werden d e  m i k r o v a s k u l a i r e  v e r a n d e r i n g e n  
t i j d e n s  d e  o n t w i k k e l i n g s f a s e  e n  de  s t a b i e l e  f a s e  v a n  h y p e r t e n s i e  
bes l i i dee rd  111 een d i e r i n a d e l ,  namel l j k  d e  sporataan h y p e r t e n s i e v e  r a t  
(SHR) .  Bovendien werden n e u r o g e n e  en humorale  f a k t o r e n  b e s t u d e e r d ,  
waa rvan  bekend Ls d a t  z i j  d e  t o n u s  van m i k r o v a t e n  kunnen b e ï n v l o e d e n  
en daarmcc d e  b l o e d d r u k .  Dcze s r w d l e s  werden ve r r i c l - i t  om meer i n z i c h t  
t c  k s i  jgen dn d e  r e g u l e r i n g  van d e  w e e r s l a n d  e n  daa rmee  van d e  bloed-  
d r u k  bS j sporilanle h y p e r t e n s i e .  
I n  d e  <tlgemene i n l e i d i n g  ( h a o f d s t u k  L )  worden d e  h u i d i g e  opva t -  
tirngcii o v e r  d e  z i e k t e o o r z a a k  v a n  sponLane h y p e r t e n s i e  besc l i r even .  
Hocwcl d e  o o r z a a k  van cpont- lne  h y p e r t e n s i e  v e l e  f a c e t t e n  k e n t ,  z i j n  e r  
twee b e l a n g r i j k e  mechrnnismen b e s c h r e v e n .  Het e e r s t e  k o n s e p t  g a a t  u i t  
van de  r o l  van  d e  n i e r ,  t e r w i j l  h e t  tweede k o n s e p t  v o o r a l  p r i m a i r e  
v e r a n d e r i n g e n  van  l ie t  v a a t s t e l s e l  v e r a n t w o a r d e l i j l i  a c l i t x v o o r  zowel h e t  
i i z i t i Z r e n  a l s  I n  s t a n d  houden van  d e  ver l ioogde p e r i f e r e  w e e r s t a n d  e11 
d u a  d e  b l o e d d r u k .  Verde r  warclt i n  d i t  h o a i d s t u k  e e n  k o r t  o v e r z i c h t  
pegcven v ~ i n  de  b e l a n g r i j k s t e  l i t e r a t i ~ u s  o p  h e t  g e b i e d  v a n  inikrovac- 
k u l n i i - e  ver ' , - tnder inpPn L i  j dcns  sporr tane  t r y p e r t e n s i e .  En p ~ i r a g r a a f  1 .7  
worden d e  cxpcr i ineni te le  gegevens  v e r v a l  Iri e e n  I iypothese . .  
C11 I i ao fdc lub ,  2 worden d e  m a l c r i a l e n  en  metlioden d i e  i n  d e  v e r -  
s c l l i l l e n d e  e x p e r  lsieirlen g e b r t ~ i k t  z i  jn  bescl iseven.  N a a s t  b a s a l e  c h i r u r -  
g i s c h e  t e c l i n i e k e n  wordt  v o o r a l  aaiidncl.it b e s t e e d  a a n  verschillende 
o i î l c r o ~ a s k u l ~ i i r c  preli : iraten b i j  v e r d o o l d e  d i e r e n .  Ook w o r d t  e e n  psepa-  
r a , i t  besch rcvc i i  d , i ~  r ece r i l  o n t w i k k e l d  i s  e n  h e t  irtogelf j k  inaakt om b i j  
wakkprc d i e r e l i  r n i l t r o c i r l r u l a t o i r e  s t r i d i e s  t e  v e r r i c h t e n .  
111 Iioo rdsLuk 3 worden d c  f u n k t i o n e l e  e n  s t r u l c t u r e l e  v a s k u l a i r e  
v e r s c l ~ i l l e n  Liusscn h y p e r t e i z s l e v e  r ~ i t t e i u  e n  n o n n u t e n s i e v c  k o n t r o l e -  
r a t t e l i  b e s c h r e v e n .  De s tu id l e  werd v e r r i c l ~ t  b i  j j o n g e  r a t t e n  (5-6 
waken).  Deze l e e f  t i j d  wesd gekozen  omdat h e t  bekend i s  d a t  vanaf  d e z e  
l e e f t i j d  d e  b l o e d d r u k  j u i s t  d a n  s t e r k  g a a t  s t i j g e n .  h l s  p r e p a r a a t  werd 
g e k o z e n  woor d e  c remas  t e r s p i e r ,  e e n  dwarsges  t r e e p t e  s p i e r  .. Zowel d e  
a r t e r i o a a i r e  d i a m e t e r  a l s  h e t  d i l a t e r e n d  v e w o g e n  i s  n i e t  v c r s c h l l l e n d  
i n  CHR e n  WKY. Ln d e  s p o n t a a n  h y p e r t e n s i c v e  r a t  werd e e n  l a g e r e  a r ë e -  
r i o l a l r e  en  k a p i l l a f r e  d i c h t h e i d  gevonden.  D i t  werd ook gevonden na 
niaximale v a a t v e r w i j d i q g ,  Het s p i e r v a a t b e d  van  d e  s p o n t a a n  l-iypertens-le- 
v e  rat is dan  b l i j k b a a r  n i e t  i n  s t a a t  om een  e x t r a  a a n t a l  v a t e n  t e  
openen  ooi d a a m e e  de  b l o e d s t r o o m  d o o r  h e t  v a a t b e d  t e  verhogen.  Net 
o n d e r l i g g e n d e  mechanisine v e r a n t w o o r d e l i j k  v a a r  d e  t ~ i t e i r i d e l i j k e  v e r -  
hoogde w e e r s t a n d  i n  d e  s p o n t a a n  h y p e r t e n s i e v e  r a t  i s  e e n  l a g e r e  a r t e -  
r i o l a h r e  e n  k a p l l l a i r e  d i c h t h e i d .  
I n  h o o f d s t u k  4 worden m i k r o v a s k i i l a i r e  v e r a n d e r i n g e n  beschrcveiu 
i n  de h u i d s p l e r  i n  d e  r u g  van  d e  r a t .  Dc s t u d i e  wesd v e r r i c l i t  bZJ 
wakkere  vo lwassen  d i e r e n .  Er  werd een v e r g e l l j l t i n g  gemaakt r u s s e n  
a s t e r i o l a i r e  e n  v e n u l a i r e  d i a m e t e r s  van s p o n t a a n  h y p e r t e n s i c v e  en  
nor rnorens ieve  r a t t e n .  G r o t e  a r t e r i o l e n  v e r a n t w o o r d e l i j k  v o o r  e e n  
a a n z i e n l i j k  d e e l  van  d e  p e r i f e r e  w e e r s t a n d  b i j  d e  spontdacu hypesteaz- 
s i e v e  r a t  toonden k l e i n e r e  d i a m e t e r s  d a n  o v e r e e n k o m s t i g e  v a t e n  b i j  
no r rno tens ieve  r a t t e n .  De d i a m e t e r s  van  p r e k a p i l l a i a e  a r t e r i o l e n  v e r -  
s c h i l d e n  n i e t  i n  b e i d e  g r o e p e n ,  t e r w i j l  d e  v e n u l n i r e  d i a m e t e r s  in d c  
s p o n t a a n  Pzgper t ens ieve  r a t  i e t s  g r o t e r  waren dan overeenkotmst igc  wa ten  
b i j  n o r m o t e n s i e v e  k o n t r o l e - d i e r e n .  
Men neemt a a n  d a t  e e n  ve rhoogde  syrnpat l i i sche t o n u s  1 e i d L  t o t  e e n  
a r t e r i o l a i r e  kons  t r i k t i e  e n  daarmee chroniscl - ie  h y p e r  t e n s î  e .  I n  Iioaf d- 
s t u k  5 wordeïi d e  e f f e k t e n  besclzreveci van  syiupnthiccbue s t i tnz i l e r lng  en 
exogeen  t o e g e d i e n d e  a d s e n e r g e  s t o F f e n  o p  de  hemodynamiek van de  rnlkro- 
c i s k u l a t i e .  De s t u d h e  werd uitgevoerd op  liet  mesenter ium van d c  r i l r .  
In e e n  a a n t a l  e x p e r i m e n t e n  werd d e  r e l a t i e  besc l i r even  t u s s e n  makro- c n  
m i k r o c i r b u l a l o i ~ e  v e r a n d e r i n g e n .  De r e s u l t a l e n  l a t e n  z i e n  d a t  na cxo- 
g e n e  t o e d i e n i n g  wan a d r e n e r g e  e n  a n d e r e  v a s o k o n s t r i k t o r a  o f  na neuro -  
g e n e  s t i m u l a t i e  d c  t o t a l e  p e r i i e r e  w e e r s t d n d  s t i j g t .  M i k r o v a s k u l a l r e  
e f f e k t e n  v e r s c h i l l e n  t e n  o p z i c h t e  van  d e  m a k r o v a s k u l a i r e  e f f e k t e n  af- 
h a n k e l i j k  van d e  wijze waarop g e s t i m u l e e r d  w o r d t .  D e  criFekten ver- 
s c h i l l e n  zowel i n  k w a n t i t a t i e f  a l s  k w a l i t a t i e f  o p z i c h t .  
I n  h o o f d s t u k  b w o r d t  d e  r e g i o n a l e  hemodynamika van wukkerc d i e -  

